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(R)-129 (R)-130       
二、 完成了 hapalosin 片断 B 的改进合成，采用文献最新改进方法，用四氯























































































     四、采用苄基替代噁唑烷乙酸酯中的乙基，用催化氢解的方法脱去苄基，




























0 oC 20 min
BnBr, NaHCO3
DMF, rt, 36 h
89%
98% 161 160
162 47  
    五、最终从(R)-苹果酰亚胺 3 出发经 13 步反应，以 16.9％的总产率完成了












































































hapalosin 1a  
    六、应用本文第二章发展的灵活多变的全合成路线，通过不同格氏试剂对合
成砌块 3 的加成，在吡咯烷酮的 C-5 位引入不同的取代基，进而合成了三个

































9-i-buty-hapalosin 1d  
    七、将液相组合化学的方法引入到格氏试剂与苹果酰亚胺的加成还原烷基化
当中，并将其应用于本文第二章讨论的多样性导向的 hapalosin 全合成路线当中，
由此经 13 步反应建立了三组分 hapalosin 类似物库。其次将液相组合化学方法应
























































































八、从合成砌块(S)-3 出发经 6 步反应合成了非天然氨基酸化合物 212，再分
别经过 7 步和 2 步反应合成了天然产物的脱氧类似物 deoxymelleumin A 和
deoxymelleumin B。应用该方法只需将苄基格氏试剂替换成对甲氧基苄基格氏试





































关键词： 环肽  天然产物  不对称全合成  多药耐药  组合化学  类似物
















Cylcopeptides with complex and diversified structures are widespread in nature. 
Many of them exhibit various biological activities, such as, antibiotics, antitumor, 
antivirus, immunosuppressive effect and pesticides. As promising lead compounds in 
drug discovery, cylcopeptides are receiving more and more attention. And the studies 
on the asymmetric total synthesis of these compounds have been a new focus. In this 
dissertation, the application of malimides-based asymmetric synthesis methodology 
was expanded and the total syntheses of some cylcopeptides, which includes 
hapalosin, three analogues and three small libraries, as well as deoxy-analogues of 
melleumins A,B were achieved via these useful chiral building blocks. The main 
results and observations made from these studies are listed as follows: 
1. An improved method for the synthsis of N-methyl-malimide had been developed. 
By using the methylammonia hydrochloride to replace ammonia, the N-methyl 
malimide could be synthesized directly. The building block (R)-130 was synthesized 
















(R)-129 (R)-130  
2. Recent reported improved reaction condition for the Evans aldol reaction, a key 
step in the synthesis of fragment B of hapalosin, was used which allows replacing the 
organic boron reagent with titanium tetrachloride. While all the advantages of the 
original route were kept down, some of the shortcomings of the original method, such 













































3. Epimerization of oxazolidine acetate was observed during the synthesis of the 
fragment C of hapalosin. A plausible mechanism for the epimerization is a 
retro-Michael addition-intramolecular Michael addition under basic conditions. The 
synthesis of an epimer of hapalosin (8-epi-hapalosin) was accomplished by taking 







































4. An epimerization-free synthesis of the γ-amino-β-hydroxy-acid moiety of hapalosin 
was developed by preparing the corresponding benzyl ester of oxazolidine acetate, 



























0 oC 20 min
BnBr, NaHCO3
DMF, rt, 36 h
89%
98% 161 160
162 47  
5. Total synthesis of hapalosin was completed in 13 steps with an overall yield of 
16.9% starting from (R)-malimide. Thus a diversity-oriented asymmetric synthesis of 












































































6. Diversified group was introduced to the C-5 of pyrrolidone through Grignard 
addition to the building block. Three hapalosin analogues modified at the C-9 
(homohapalosin A, homohapalosin B and 9-i-butylhapaosin) were synthesized, based 
































9-i-buty-hapalosin 1d  
7. The reductive alkylation of malimide using a library of three membered Grignard 
reagents allowes to construct a three-membered library of hapalosin analogues in 13 
steps. Further more, the method of liquid combinational chemistry was introduced to 
the Evans aldol reaction, and two hapalosin analogues libraries contained 9 members 
and 27 members have been constructed in 9 steps respectively. It showed high yield 






















































































8. The non-natural amino acid 212 was synthesized from (S)-3 in 6 steps. The 
asymmetric synthesis of deoxymelleumin A and deoxymelleumin B, the 
deoxy-analogues of the corresponding natural products melleumin A and melleumin B 
were achieved from 212 in 7 steps and 2 steps respectively. The accomplished work 
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acetyl / 乙酰基 
azodiisobutyronitrile / 偶氮二异丁睛 
aryl / 芳基 
9-borabicyclo[3.3.1]nonane / 9-硼杂双环[3.3.1]壬烷 
benzyl / 苄基 
t-butoxycarbonyl / 叔丁氧羰基 
bis(2-oxo-3-oxazolidinyl)phosphininic chloride 
dibutylboron triflate / 三氟甲磺酸二丁基硼酯 
benzoyl / 苯甲酰基 
Candida Antarctica, fraction B / 南极洲假丝酵母 
cericammomium nitrate / 硝酸铈铵 
benzyloxycarbonyl / 苄氧羰基 
Carbonyl diimidazole / 羰基二咪唑 
m-chloroperoxylbenzoic acid / 间氯过氧苯甲酸 
camphorsufonic acid / 樟脑磺酸 
1,5-diazabicyclo[4.3.0]undec-5-ene 
1,8-diazabicyclo[5.4.0]undec-7-ene 
N,N’-dicyclohexylcarbodiimide / 二环己基碳二亚胺 
N,N’-dicyclohexylurea / 二环己基脲 
2,3-dichloro-5,6-dicyano-1,4-benzoquinone 
diethyl azodicarboxylate / 偶氮二甲酸二乙酯 
diethyl tartrate / 酒石酸二乙酯 
3,4-dihydro-2H-pyran / 二氢吡喃 
bis(dihydroquinino)phthalazine 
diisobutylaluminum hydride / 二异丁基铝氢 
diisopropylethylamine / 二异丙基乙基氨 
4-N,N-dimethylaminopyridine / 4-N,N-二甲氨基吡啶 
N,N-dimethylformamide / N,N-二甲基甲酰胺 
dimethylsulfoxide / 二甲基亚砜 






hexmethyldisilazane / 六甲基二硅基氨烷 
1-hydroxy-7-azabenzotriazole / 1-羟基-7-氮杂苯并三
氮唑 
1-hydroxybenzotriazole / 1-羟基苯并三氮唑 
N-hydroxysuccinimide / N-羟基琥珀酰亚胺 


























































isopinocamphenyl / 异松蒎基 
lithium aluminum hydride / 氢化锂铝 
lithium isopropylamide / 二异丙基氨基锂 
2,6-lutidine / 2,6-二甲基吡啶 
mutidrug resistance  / 多药耐药 
methoxylmethyl / 甲氧基甲基 
N-bromosuccinimide / N-溴代琥珀酰亚胺 
N-chlorosuccinimide / N-氯代琥珀酰亚胺 
N-methylmorpholine / N-甲基吗啉 
N-methylmorpholine oxide / N-甲基吗啉氧化物 
N-methyl-2-pyrrolidinone / N-甲基吡咯烷酮 
one bead one peptide / 一株一肽 
pyridinum chlorochromate / 氯铬酸吡啶盐 
pyridinum dichromate / 重铬酸吡啶盐 
polyethylene glycol / 聚乙二醇 
phenyl  / 苯基 
p-methoxybenzyl / 对甲氧基苄基 
p-methoxybenzyl 2,2,2-trichloroacetimidate 
p-methoxyphenyl / 对甲氧基苯基 
pyridinum p-toluenesulfonic acid / 对甲苯磺酸吡啶盐 
p-toluenesulfonic acid / 对甲苯磺酸 
pyridine / 吡啶 
tetrabutylammonium bromide / 四丁基溴化铵 
tetrabutylammonium fluoride / 四丁基氟化铵 
t-butyldiphenylsilyl / 叔丁基二苯基硅基 
t-butyldimethylsilyl / 叔丁基二甲基硅基 
t-butyldimethylsilyl triflate 
triethylamine / 三乙胺 
2,2,6,6-tetramethyl-1-piperidinyloxy free radical 
trifluoroacetic acid / 三氟乙酸 
trifluoromethanesulfonyl acid / 三氟甲磺酸 
tetrahydrofuran / 四氢呋喃 
2-tetrahydropyranyl / 四氢吡喃 
N,N,N’,N’-tetramethylethylene diamine  
/ N,N,N’,N’-四甲基乙二胺 
trimethylsilyl / 三甲基硅基 















Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
